MetS is now a widespread global entity. Approximately 20%-30% of the population in industrialized countries has MetS (Grudy, 2011) . In Malaysia, MetS as defined by IDF (2006) criteria, affects an estimated 36.5% and 50.5% of adult males and females respectively and about 39% and 45.9% according to the NCEP III Criteria (Metabolic Syndrome Study of Malaysia) (Nazaimoon, 2010) .
Since MetS is composed of a variety of pathologies, it can cooperatively contribute to cancer development and progression. However studies linking MetS to CRC are few (Ahmed et al., 2006; Cowey and Hardy, 2006) . Although the exact association is still unclear, lifestyle risk factors contributing to MetS and further CRC risk have been actively investigated. Therefore, the present study aims to determine the relationship between MetS with the risk of CRC.
Materials and Methods

Study Location and study subjects
This multi-centric hospital-based case-control study was conducted in five selected hospitals in Peninsular Malaysia which are Hospital Kuala Lumpur (HKL), Hospital Putrajaya (HPJ), Hospital Selayang (HS), Hospital Sultanah Aminah (HAS) and Hospital Pulau Pinang (HPP). These hospitals were selected because they are substantial hospitals with heavy case workloads dealing with CRC and have reported the highest incidence of CRC of about 60-80 new cases per year over the years (Wendy and Radzi, 2010) . The subjects of this study were the patients who were newly diagnosed with CRC (cases) based on colonoscopy findings and histopathology reports and patients who were identified as negative for CRC after a complete colonoscopy (controls). Each case was matched to two controls (140: 280) for age, sex and ethnicity. The CRC cases were identified either by the gastroenterologists, colorectal surgeons, pathologists or oncologists working in these five hospitals. Those patients who were suspected to have tumor-like-mass during colonoscopy but upon the histopathology report found to be negative for malignancy and fulfilled the other inclusion criteria were recruited as control subjects.
Study Instrumentation
Questionnaire and physical measurement: All data were collected during a face to face interview and direct measurement with the subjects. The information that was elicited from the subject's personal information is age, gender, ethnicity, educational background, current occupation, household income and marital status. Anthropometric measurements were taken directly after the interview with the subjects. Waist circumferences was measured using a non-elastic measuring tape seca 201 (SECA, Vogel & Halke GmbH & CO. KG, Hamburg, Germany) and recorded to the nearest 0.1 centimetre. Blood pressure was measured using the Omron Automatic Blood Pressure Monitor T8 (Coleman et al., 2008) . Waist circumference and blood pressure were further categorised according to cut off recommended for Asians by International Diabetes Federation (IDF) definition for MetS assessment (Zimmet et al., 2005) . Waist circumference 90cm or more for men and 80cm or more for women is currently considered as a core criterium for MetS. Meanwhile, subjects with systolic blood pressure 130 mmHg or more and/or diastolic blood pressure 85 mmHg or more were classified as having elevated blood pressure (Alberti et al., 2009) .
Biochemical analysis: Ten millilitres of fasting blood sample of venous blood was collected by a trained and qualified paramedic from each hospital. Plasma lipids (HDL-cholesterol and triglyceride) and fasting blood glucose were determined using Hitachi 902, automated clinical chemistry analyzer (Quoc et al., 2011) . Collected blood samples were processed, separated and stored on the same day at the Chemical Pathology Laboratory, Faculty of Medicine and Health Science, Universiti Putra Malaysia. Blood samples were mixed well and were allowed to stand for 10 minutes followed by centrifugation for 10 minutes at 3,000 rpm. After centrifugation the clear supernatant was separated from the precipitate into Eppendorf tubes for the different tests. Specimens were stored at -8 0 C until analysis. On the day of analysis, the specimens were thawed and mixed thoroughly. The hexokinase method was used on the Hitachi 902 as recognized reference method to test glucose level in serum. Meanwhile, the Rate method and a single point calibration and enzymatic colorimetric method were used on the Hitachi 902 as recognized reference method to test HDL-cholesterol and triglyceride respectively (Roche/ Hitachi System Application Sheet for blood lipid and glucose, 2004) . Elevated blood triglyceride levels (≥1.69 mmol/L (150 mg/dL), or specific treatment for this lipid abnormality), decreased levels of high-density lipoprotein cholesterol (<1.03 mmol/L (40 mg/dL) in men, and <1.29 mmol/L (50 mg/dL) in women or on treatment for lipid abnormality) and raised fasting glucose (≥100 mg/dL) were considered as components of MetS classification according IDF (Zimmet et al., 2005) .
Data analysis: All data were analysed using SPSS (version 19.0.). Descriptive statistics such as frequencies, percentages (%), means, ranges and standard deviations (SD) were used to describe the data. Categorical variables are reported as absolute number and percentage. Independent t-test was used to determine differences between case and control group for continuous variables (example: age, nutrition intake and etc.). Chi square (χ 2 ) distribution was used to determine the association between categorical variables (example: sex, ethnicity and etc.). Values of p<0.05 was considered as statistically significant, and was used to reject the null hypothesis. Fisher's exact test was used as an alternative to χ 2 analysis whenever there were more than 25% of the cells with less than 5, which made chi square analysis invalid (Fleiss, 1981) . Odds Ratio (OR) was determined by Cox regression analysis to judge the strength of association of MetS and CRC.
Results
Socio-demographic characteristics
According to Table 1 , out of 140 cases and 280 control subjects, 57.1% were males and the remaining 42.9% were females. In terms of ethnic variation, the incidence of CRC was highest among the Chinese (41.4%) followed by Malays (30.0%) and Indians (27.5%). The majority of respondents in this study were above 50 years. However, most of the case subjects (32.1%) were in the 60-69 years age group, as opposed to only 28.9% of controls in the same age category. Chi-square test showed a significant difference between the groups for educational background (χ 2 =11.759, p=0.019). The Table 1 clearly shows that one-third of the study subjects were unemployed. About 10% more of subjects in the case group compared to controls fell in the low-income category (52.8% vs 42.1%). Majority (>80%) of study subjects are married in both groups. Chi-square test showed no significant difference between study groups for age distribution, current occupation, household income and marital status
Prevalence of Metabolic Syndrome
MetS was higher among females in both cases and controls (53.8% and 56.4% respectively), compared to males (46.2% in cases and 43.6% in controls). In cases, MetS was more prevalent among Malays (40.4%) followed by Chinese (35.4%) and Indians (24.2%). This was slightly different in controls where the higher prevalence of MetS among Malays (40.9%), and second being Indian (30.0%) and followed by Chinese (29.1%). Going by age groups, subjects aged 60-69 years exhibited the highest prevalence of MetS (33.3% in cases and 29.1% in controls). A steady increase in the prevalence of MetS with advancement in age was noticed among both cases and controls.
Relationship between MetS with the risk of CRC
The prevalence of MetS as defined by IDF ( 
Discussion
MetS has become a major public health issue in Malaysia. Several studies on MetS have been conducted on healthy population groups (Kamaruddin 2009; Nazaimoon et al., 2010) and on diabetic patients (Association, 2011) but its relationship with CRC have not been investigated hitherto. The current study found that MetS was highly prevalent based on IDF criteria among CRC patients. The rationale for using IDF definition for MetS assessment was based on mounting evidence that abdominal obesity is common to each of the components of MetS and incorporation of ethnic-specific waist circumference cutoffs (Snehalatha et al., 2003; Tan et al., 2004) . Abdominal obesity was found to be associated with insulin resistance (Yoshida et al., 2006) , hypertension (Othman et al., 2008) , hypercholesterolemia (Hossain et al., 2007) , low HDL Cholesterol (Ahn et al., 2009 ), hyperglycemia and diabetes (Stattin et al., 2007) . Strong evidence was found linking to waist circumference with cardiovascular disease and the likelihood that central obesity is an early step in the aetiological cascade leading to the full metabolic syndrome (Eckel et al., 2010) .
A recent study, Aleksandrova et al. (2011) reported that MetS as defined by IDF was associated with colon cancer (RR=1.91, 95%CI=1.47-2.42). Garow et al. (2008) identified individuals with MetS as defined by IDF had a 75% increased risk for colon or rectal cancer. In the ARIC study (Atherosclerosis Risk in Communities) which was conducted in United States between 1987 and 1989, CRC incidence and the number of MetS components, showed a positive association after age and gender adjustment (RR=1.49, 95%CI=1.0-2.4) (Ahmed et al., 2006 ).
In the current study, MetS was found to double the risk of CRC in men but not in women. Similarly, an unmatched case control study in Switzerland (Pelucchi et al., 2010) reported that the risk of colorectal cancer increased in men with MetS as defined by IDF (OR=1.86, 95%CI, 1.21-2.86), but not in women. The disparity between the genders may be due in part to lifestyle factors such as more smoking and drinking and fewer doctors' visits or cancer screenings among men (Sekeres, 2011) .
In conclusion, we found that simultaneous presence of two or more MetS factors was associated with an increase almost three-fold in CRC risk, and this trend was more obvious among men. An analysis of the cumulative effect of MetS components revealed increasing risk for CRC from one to five risk factors suggesting a dose response effect and this association were stronger in men than in women. Since, the combine presence of these two or more components, significantly associated with CRC, this supports our findings that MetS as entity increases the risk of CRC. Our data suggest the possibility that by decreasing even one or two of the components of the MetS may reduce the overall risk of incident CRC. The components of the MetS are not only common, but the correlations among them are, in many cases, significant. It may be that intervention of one or two of the components may have an effect on the other. This strategy can be conveyed easily to the public in order to reduce prevalence of MetS and subsequent CRC risk, rather than scientific explanations.
Data obtained is critical for future studies to determine whether there is a single pathophysiologic mechanism underlying this cluster of risk factors which will be useful as biomarker for CRC risk assessment, screening, prognosis and treatment. If a single mechanism can be explained, this study presents opportunities for the development of therapeutic options with efficacy in treating multiple traits simultaneously.
With any observational study, there is potential for residual and unmeasured confounding. The analyses presented here have been controlled for all the possible confounding factors as identified in the literature. However, it is still possible that other nutritional or lifestyle factors that have yet to be identified which may confound the relationship between lifestyle and CRC. As this is a retrospective case-control study with inherent study limitations, prospective studies should be carried out with focus on modifiable risk factors for CRC and other common cancers among Malaysians to strengthen the findings of this study. Such studies should include representative samples from each of the major ethnic groups in Malaysia to examine ethnic and socio-economic differentials in CRC risk.
